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Organelle division: Self-assembling GTPases caught in the middle
William Margolin
Recent findings indicate that the dynamin GTPase helps
to divide animal and fungal mitochondria, and that the
tubulin-like FtsZ GTPase is involved in division of, not
only most bacteria, but also chloroplasts and probably
mitochondria of unicellular eukaryotes.
Address: Department of Microbiology and Molecular Genetics,
University of Texas-Houston Medical School, 6431 Fannin, Houston,
Texas 77030, USA.
E-mail: margolin@utmmg.med.uth.tmc.edu
Current Biology 2000, 10:R328–R330
0960-9822/00/$ – see front matter 
© 2000 Elsevier Science Ltd. All rights reserved.
In order to proliferate, cells need to divide. Eukaryotic cells
contain essential organelles, such as chloroplasts and mito-
chondria, which must also divide in order to be inherited by
progeny cells and to assure host cell survival. Chloroplasts
and mitochondria probably arose by endosymbiosis of a
photosynthetic cyanobacterium and an alpha proteobac-
terium, respectively, with a host cell [1]. One fundamental
question that arises from this model is whether organelles
have maintained the division apparatus from their bacterial
progenitors. Recent breakthroughs in our understanding of
bacterial and organelle division indicate that, in many cases,
the answer appears to be yes. For example, chloroplast divi-
sion relies on FtsZ, a tubulin-like GTPase which has a key
role in bacterial division, and MinD, an ATPase that has an
important role in regulating division site placement in some
bacteria. Mitochondria from a unicellular eukaryote also
contain FtsZ, whereas some fungal and animal mitochon-
dria lack FtsZ and instead use a dynamin GTPase for
division. These results suggest a model in which self-
assembling GTPases, such as dynamin and FtsZ, may
provide a conserved mechanism for mechanically pinching
membranes in prokaryotes and organelles. Because bacter-
ial FtsZ is found in both organelle types, its role will be dis-
cussed first in the context of bacterial cell division.
Bacterial cell division and the Z-ring
Conditional mutants of Escherichia coli that fail to divide at
the restrictive temperature were originally called fts, for
filamentous-temperature-sensitive. Many of these mutants are
defective in genes that are specifically required for cell divi-
sion and one of these, ftsZ, orchestrates the entire process.
FtsZ protein assembles into a ring structure associated with
the cytoplasmic membrane at the division site (Figure 1)
before any other known essential cell division protein [2].
This ‘Z-ring’ is required for the recruitment of other cell
division proteins, which, with FtsZ as the organizer,
assemble into a putative molecular machine dedicated to
dividing the cell [3,4]. The ring then constricts along with
the invaginating cytoplasmic membrane, and disappears
upon cell separation. Unlike the other proteins in the
machine, FtsZ is present in nearly all bacteria and many
archaea, and the formation of the Z-ring is probably uni-
versal in these species [5]. Because FtsZ is the only recog-
nizable cell division protein in bacteria that lack
peptidoglycan, it is likely, though unproven, that the
Z-ring is sufficient to supply the force necessary to pinch
the cytoplasmic membrane.
The cytoskeletal role of FtsZ was further indicated by its
considerable structural and and biochemical similarity with
the major eukaryotic cytoskeletal protein, tubulin. Like
tubulin, FtsZ hydrolyzes bound GTP, and it undergoes
GTP/GDP-dependent self-assembly into polymers with
similar structural properties to microtubules; furthermore,
the crystal structures of FtsZ and tubulin exhibit remark-
able similarities [6,7]. FtsZ apparently was sufficiently
good at organizing the bacterial cell division machine that
it was kept by chloroplasts and some mitochondria for their
division, and a modified version of it presumably evolved
into tubulin.
Another important and conserved protein in cell division is
MinD, which in E. coli and Bacillus subtilis helps to position
Z-rings correctly at the cell midpoint [8]. MinD does this
by recruiting an FtsZ inhibitor, MinC, to places in the cell
from which Z-rings need to be excluded, such as DNA-free
regions at the cell poles [9–11]. In E. coli, the midcell site is
then protected from the MinCD inhibitor by a ring formed
by MinE, which permits the Z-ring to form [12]. Overpro-
duction of MinCD or inactivation of MinE prevents cell
division, probably by overriding or removing the midcell
protection. In the absence of the Min proteins, Z-rings
form everywhere in the cell outside of the region bounded
by the chromosome [13], pinching off DNA-less ‘minicells’
(hence the name of the genes). Homologs of minD occur on
several plastid genomes and in prokaryotes such as
cyanobacteria and archaea, but none have been found in
alpha-proteobacteria. Interestingly, MinE is also present in
cyanobacteria and plastids. Now, it appears that MinD also
regulates division site positioning in chloroplasts.
FtsZ and MinD in chloroplast division
Chloroplasts divide by binary fission, much like bacteria,
resulting in many small chloroplasts per plant cell. Unlike
bacteria, which have no visible structure at the cell
division site, chloroplasts have an obvious double ring
structure [14]. Although the components of this plastid
dividing ring are not known, it is now clear that FtsZ is
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conserved in many plants and is essential for chloroplast
division. In the higher plant Arabidopsis thaliana and the
moss Physcomitrella patens, inhibition of FtsZ resulted in
each cell having just one or few giant chloroplasts [15,16].
Interestingly, three nuclear-encoded ftsZ genes have been
found in the A. thaliana genome, and only one of the
encoded proteins has a chloroplast import sequence.
Inhibiting expression of either this ‘inside’ FtsZ or one of
the two ‘outside’ FtsZs dramatically inhibited chloroplast
division, suggesting that each part of the dividing ring has
an FtsZ, with one FtsZ pushing from the outside and one
pulling from the inside [16] (Figure 1). This idea is
supported by the localization of inside and outside FtsZs to
the dividing ring [17]. Multiple chloroplast FtsZ homologs
have also been found in other plant species, including
primitive red algae, in support of the idea that there are
FtsZs for each side of the plastid dividing ring [18].
Osteryoung and colleagues [17] have recently studied the
function of a nuclear-encoded MinD homolog in A. thaliana
that is imported into chloroplasts. They found that inhibit-
ing production of this MinD decreased the accuracy of divi-
sion-site placement, resulting in chloroplasts of irregular
sizes, while MinD overproduction inhibited division.
These effects parallel those of MinD on E. coli cell divi-
sion. It is not yet clear how MinD functions in the chloro-
plast, because no MinC homolog has yet been found in
plants, and min mutants of E. coli also show defects in
other cellular processes, such as chromosome segregation.
But as MinD is inside the chloroplast, it may act with
MinE- and MinC-like proteins to influence the placement
of the inside FtsZ, which in turn might determine the
placement of the outside FtsZ. In summary, it appears
that bacterial homologs of ftsZ and minD were at some
point transferred to the nuclear genome of plants, and
continue to have important roles in chloroplast division.
FtsZ and dynamin in mitochondrial division
Mitochondria are not always as bacteria-like in appearance
as chloroplasts, as they often form filamentous networks.
Nevertheless, mitochondria divide by fission, and the
mitochondria of primitive unicellular red algae appear also
to contain plastid-like dividing rings [14]. Recent work by
Beech et al. [19] has demonstrated that some mitochon-
dria, too, have an FtsZ. They found that the primitive
chromophyte algal species Mallomonas splendens has a
nuclear ftsZ gene for chloroplasts, and another for
mitochondria. Remarkably, the proteins encoded by these
genes are most related to cyanobacterial and alpha-
proteobacterial FtsZs, respectively.
The mitochondrial FtsZ localizes as foci and bands at pre-
sumptive constriction sites on the mitochondria. This
result, along with the presence of an amino-terminal
transit sequence and evidence for import of this FtsZ into
yeast mitochondria, suggests that the protein functions to
divide the organelle from the inside, much like bacterial
FtsZ or the imported chloroplast FtsZ. These findings
prompt many additional questions, the most important
being whether FtsZ is actually required for mitochondrial
division. This must await the study of this process in a
genetically tractable protist. Additional questions include
whether there is also an FtsZ for the outside of the
organelle, and what might regulate FtsZ positioning, as
MinD appears to not be present in alpha-proteobacteria.
Despite the presence of mitochondrial FtsZ in unicellular
eukaryotes, it is becoming clear that mitochondrial FtsZ is
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Figure 1
Prokaryotic and eukaryotic GTPases involved
in division of prokaryotes and organelles.
Different types of cell are shown, with their
respective proteins situated at sites of
division. In this model, most prokaryotes
contain a cytoplasmic Z-ring, but some
prokaryotes lack FtsZ and are presumed to
have another protein, perhaps a dynamin-like
GTPase, to divide the cell. Chloroplasts have
inside and outside versions of FtsZ that
presumably colocalize to the plastid dividing
ring. Mitochondria from a protist have recently
been found to contain FtsZ at their division
sites [19], while mitochondria from fungi and
animals have dynamin at their division sites. It
remains to be seen whether mitochondria
that contain FtsZ also use dynamin to help
with division. 
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absent in fungi, animals and higher plants. For example,
there is no ftsZ homolog in the complete genomes of yeast
or nematodes. How widespread, then, is mitochondrial FtsZ
among eukaryotes, and what was the reason for its apparent
loss in evolution? Clearly, this question can only be
addressed by studying FtsZ from a variety of lower eukary-
otes. But one possible reason is that FtsZ was superceded
by another self-assembling GTPase — dynamin. 
Dynamins form a large protein family present in all eukary-
otes, but not prokaryotes. They are large GTPases that gen-
erate force on membranes to pull or pinch them [20]. The
diversity of the family probably reflects the diversity of
dynamin’s cellular tasks, including vesicle formation, endo-
cytosis and mitochondrial division. In yeast, the dynamin-
like protein DNM1 localizes to mitochondrial constriction
sites and apparently persists at these sites after fission has
occurred [21]. A dnm1 mutation causes a failure to properly
pinch off mitochondria, and can suppress another mutation,
fzo1, that causes a defect in mitochondrial fusion [21,22]. In
nematodes, a homolog of DNM1 called DLP1 is required
to constrict the outer mitochondrial membrane in order to
couple it with constriction of the inner membrane [23].
This role is consistent with the cytoplasmic location of this
and other dynamins, and may be analogous to the function
of the outside FtsZ(s) in chloroplast division.
Dynamin and FtsZ may use similar mechanisms for
generating force on membranes. In the case of dynamin,
this force is dependent on GTP hydrolysis [24], and there is
some evidence that FtsZ uses a similar GTPase-dependent
mechanism [25]. Moreover, dynamin and FtsZ can form
spirals that lead to force generation along the spiral [26,27].
It is possible, therefore, that dynamin and FtsZ work in
similar ways, with dynamin being more versatile at divid-
ing mitochondria, and FtsZ better at dividing chloroplasts
(Figure 1).
These recent advances in understanding division of
prokaryotes and organelles should provide new incentives
to address several fundamental questions. For example,
what do free-living prokaryotes that lack FtsZ, such as
crenarchaea and Ureaplasma, use for division? Perhaps
they use self-assembling GTPases that are not obvious
from their primary sequence. Where did dynamin come
from? Are there cases where both dynamin and FtsZ are
involved in mitochondrial division (Figure 1)? Why are
inside and outside FtsZs necessary for chloroplast divi-
sion? The answers to these and other questions should
shed further light on these fascinating and challenging
problems of cell physiology and evolution. 
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